A gas turbine thermodynamic cycle was computationally simulated and probabilistically evaluated in view of the several uncertainties in the performance parameters, which are indices of gas turbine health. Cumulative distribution functions and sensitivity factors were computed for the overall thermal efficiency and net specific power output due to the thermodynamic random variables. These results can be used to quickly identify the most critical design variables in order to optimize the design, enhance performance, increase system availability and make it cost effective. The analysis leads to the selection of the appropriate measurements to be used in the gas turbine health determination and to the identification of both the most critical measurements and parameters. Probabilistic analysis aims at unifying and improving the control and health monitoring of gas turbine aero-engines by increasing the quality and quantity of information available about the engine's health and performance.
Introduction
Gas turbine aero-engines are used in all the new commercial aircraft and most business aircraft. Due to their capital cost and numbers installed, notably in the fleets of aircraft operated by the armed services * ASME Member and commercial airlines, there is considerable pressure to reduce the cost of ownership incurred by the operator. In the civil sector, this pressure is currently increasing with the rising popularity of the concept of "power by the hour" engine sales contract in which the operator is sold a fleet of engines but no spares. The operator pays the engine supplier a predetermined engine-operating rate for maintenance. Both owner and supplier share a common interest in minimizing repair and overhaul cost. With the increase in gas turbine engine complexity and performance over the past 50 years, To accomplish the design task cost effectively, we need to formally quantify the effect of uncertainties (variables) in the design. Probabilistic design is one effective method to formally quantify the effect of uncertainties. In the present paper, a probabilistic analysis is presented for the influence of measurement accuracy and a priori fixed parameter variations on the random variables for gas turbine system health determination.
Probability Theory
Let Χ], X 2 , ...., X" be a set of random variables defined on a (discrete) probability space Ω. The probability that the events X\= X\, X 2 = x 2 , ..., and
for the set of desired solutions AciQ.. If the function
is discrete, it is called the joint probability mass function of X\, X2,..., X" and has the following properties. <a" ) will also be used subsequently.
The univariate probability function f Xi for each criterion X" obtained from the traditional probabilistic design process, can also be generated with the joint probability function f. f xi is called marginal probability mass or density function of X, and is defined by:
(* 2 ,...,*") eR fx ι = |/(λ' 2 ,..., x n )dx 2 ---dx n (/is continuous)
The joint probability function, /χγ (χ, y), creates the surface of a probability 'hump' in the x-y-f- 
Cov(X,Y) = E[X,Y] -E[X]E[Y].
It is more convenient, however, to use a covariance normalized by the standard deviations, 
Probability Functions
Attention is now directed to the implementation of this probabilistic formulation in the design process. The necessary transition from the mathematical formulation above to a probabilistic model that yields the information relevant for multivariate decision making is described in this section.
There are two alternatives for this task.
Joint Probability Model
The first joint probability density function introduced here is an analytical probability model 
Implementation of Probabilistic Procedure Using FPI
FPI is a probabilistic analysis tool that implements a variety of methods for probabilistic analysis. The procedure follows the steps given below:
1. Identify the independent and uncorrelated design variables with uncertainties.
2. Quantify the uncertainties of these design variables with probability distributions based on expert opinion elicitation, historical data or benchmark testing. 
Discussion of Results
The probabilistic analysis of gas turbine field performance due to the uncertainties was applied to a 10 MW two shaft heavy duty industrial gas turbine with variable power turbine nozzle. Figure 1 shows the layout of the gas turbine system. The thermodynamic random variables and their respective values used in this analysis are shown in Table 1 . The random variables are labeled in Table   2 . All the random variables were assumed to be independent. A scatter of ± 10% was specified for all the variables. Normal distribution was assumed for all random variable scatters.
The overall thermal efficiency of the gas turbine system was determined from a control volume analysis using the first and second laws of 
